Preparation for activation measurements of concrete and PE-B4C-concrete to be applied for shielding at the European Spallation Source Abstract. To improve the effect of the concrete below 10 MeV where iron has resonances in the cross section, a new concrete have been developed. The PE-B4C-concrete utilizes hydrogen containing PE to thermalize the neutron and boron for in situ absorption. It is of utmost importance that the activation of the shielding material itself is well-understood, since it is planned to be used at the ESS. The first steps in this direction are shown the present study, in which concrete as well as reference aluminium samples are subject to XRF measurements to precisely determine the element content. This is compared to data sheets from the vender, and simulations are carried out to predict the sample activity. The samples are planned for insertion into the the Budapest Research Reactor, followed be activity and spectral measurements.
Introduction
When the European Spallation Source (ESS) reaches its design configuration, protons of 2 GeV will impact a tungsten target at a rate of about 1.5 × 10 16 s −1 , corresponding to 5 MW of proton beam power. Neutrons are generated by spallation processes in the target and will be released in substantial numbers with energies reaching up to the incident proton energy. The task of shielding instruments and personnel from high energy neutrons escaping the target-moderatorreflector system as well as from gamma photons will be undertaken by a combination of mainly steel and concrete. To improve the neutron absorption effect of concrete below 10 MeV where iron has resonances in the cross section, a new concrete has been developed. The PE-B4C-concrete utilizes hydrogen containing polyethylene to thermalize the neutron and boron for in situ absorption. It is of utmost importance that the activation of the shielding material itself is well-understood, both considering short-term effects on personnel during the operation phase and long-term effects on the decommissioning of the ESS facility. 
Methodology of material testing
A study is carried out using samples of PE-B4C-concrete as well reference samples of regular concrete and aluminum, to establish the methodology. First, the elemental concentrations are determined using X-ray fluorescence techniques and the results are compared to the nominal composition of the material. Samples of the materials are planned for insertion in the Budapest Research Reactor [1] where they will be subject to irradiation in both thermal and fast neutron fluence for a duration ranging from a few minutes to hours. After irradiation the activities of the samples will be measured and compared to the corresponding measurements on standard concrete as a function of cooling time. In addition the decay gamma spectrum will be measured. Due to an unforeseen long-widened repair of the reactor, the samples have not yet been activated therefore only results from XRF measurements and Monte Carlo activation simulations are available at present.
MCNP activation simulation with measured and nominal sample compositions
Monte Carlo simulation [2] was performed under conditions identical to the planned irradiation experiment at the Budapest Research Reactor. The samples will be irradiated in a "fast" and a "thermal" vertical channel, in aluminium sample holders (see Fig. 1(b) ). The neutron flux spectra of the two irradiation channels of the Budapest Research Reactor are well-characterized from Monte Carlo simulations of reactor core (see Fig. 2 ). Using these spectra as source distributions, a simplified model consisting of only the source (uniform volume source) surrounding an aluminum sample holder containing the sample is prepared as shown in Fig. 1(a) . The resulting spectra incident on the sample are input into CINDER'90 [3] activation calculation program, thus timedependent radionuclide activities are mapped, and in the future compared to the measurements. The measured element compositions and predicted activity is shown in Table 1 and Table 2 . were measured with a handheld XRF device (Niton X3Lt GOLDD+, Thermo Scientific). In this paper we only report on the aluminium data while the steel and copper samples give similar results. Two concrete samples, an average reference concrete and the PE-B4C-concrete, which contains 0.76 wt% B 4 C and 10.2 wt% polyethylene were also studied with a polarizing XRF device (Epsilon5, PANalytical). The samples were received as grist. For sample preparation, both samples were ground again with ball grinder in tungsten carbide (WC) mortar, to increase the homogeneity (see Fig. 4(left) ). Then pressed pellets of 2.5 g were prepared from both concrete samples, with the usage of 0.25 g wax (see Fig. 4(right) ). 
Conclusions
The MCNP simulations show that PE-B4C-concrete have a much lower activation than normal concrete with both for the reference composition and for the XRF data. This is expected since the PE is 10.2 wt% which is about 20 vol% of the concrete and that is replacing the same volume of granite. Since PE does not activate significantly and we removed granite that activates. Also by adding PE and B increase the moderator power of the concrete and hence the neutron spectrum is driven towards lower energies, where the B absorption cross section increases (and B does not activate).
What is also clear that neither the reference values nor the XRF data give the full information of the activation. For this reason it is very important to perform the actual irradiation experiment to understand the long term effect of activation of the concrete and therefore a facility as ESS. 
